1. INTRODUCTION {#sec1-1}
===============

Pressure ulcers are common complications that affect least 10% of patients in acute care, 3% in long-term care and 4% in home care. Pressure ulcers affect largely the intensive care patients and its prevalence has been reported to exceed 28%, especially in ageing ([@ref1], [@ref2]). Clinically, pressure ulcer is defined by the occurrence of a confined destruction of a certain skin area and of the underlying tissues due to external pressure, leading to the necrosis of the ischaemic area ([@ref3], [@ref4]). It has been demonstrated that except long-lasting hospitalization, the inept elevation or turning of the patient, the folds of the sheets, and the foreign bodies such as food remains or fragments of plaster cast, were the most common risk factors contributing to the development of pressure ulcers ([@ref5], [@ref6]). Pressure ulcers pose important complications not only due to their high prevalence, but also because these are associated with conditions that account for leading causes of in-hospital mortality including anemia, and kidney diseases ([@ref7]).

It has been suggested that patients attending intensive care units (ICU), often have higher prevalence rates of pressure ulcers and length stay compared to other hospitalized patients ([@ref8], [@ref9]). In the international literature, an association of both; pressure ulcers and length stay has also been reported ([@ref10]), but a potential link between pressure ulcers and risk factors that are associated with their development has not been studied extensively in Greece ([@ref11]). Therefore, evidence of an association between pressure ulcers and factors that increases the risk could serve as a crucial incentive for the systematic development of indicators in evidence-based practice.

Consequently the purpose of this study was to estimate the prevalence of pressure ulcers, and evaluate possible epidemiological association between the prevalence of pressure ulcers and specific clinical characteristics in order to develop clinical indicators towards pressure ulcers prevention. Our secondary aim was to examine the incidence of pressure ulcers with respect to length of stay in our study participants.

2. METHODS {#sec1-2}
==========

**Study design**

In this prospective study we enrolled patients who were hospitalized in a public ICU in Greece, during a 12-month period (January to December 2013). We used a convenience sampling study involving subjects who were monitored during their entire hospitalization in the ICU, until their carriage to another hospital ward or clinic. We excluded 26 patients that had already produced pressure ulcers before their admittance to the ICU. Finally, of the total of 236 ICU patients that were hospitalized in the year of 2013, a total of 210 were fully met the inclusion criteria and involved in the statistical analysis--(response rate 89%).

**Study analysis**

Pressure ulcers were assessed by two experienced ICU nurses following the recent guidelines. Specifically, rely on skin temperature, we assessed change in tissue consistency and pain rather than identification of nonblanchable erythema -- (stage I). Skin heat, tenderness, change in tissue consistency and pain was also assessed to assist in identifying the severity of pressure ulcers -- (stage II) ([@ref12]). Completing a comprehensive initial assessment of the individual with a pressure ulcer we employed the Cubbin and Jackson scale to control the sensitivity level of our data collection identifying patients at high-risk toward pressure ulcers development ([@ref13]). Cubbin and Jackson scale has been widely used in intensive care showing high sensitivity 0.89 and specificity 0.61 for an intensive therapy patients ([@ref14]). Briefly, the questionnaire evaluates specific variables such as general skin condition, mental condition, mobility, nutrition, respiration, incontinence, body hygiene, and hemodynamic status of patients. Summary score ranges between 10 and 40 (variables ranking 1-4), and a score less than 28 is indicative of high-risk for pressure ulcers development. The patients' assessment concerning the hazard of turning up with pressure ulcers was conducted during the first 24 hours after their admittance to the ICU as well as after each significant change of their clinical condition.

To record specific clinical characteristics such as length of ICU stay, history of hemodialysis treatment, hematocrit (Ht) and albumin values we checked for laboratory tests in the medical records of individuals. Demographic characteristics such as gender and age were also recorded.

**Statistical analysis**

Descriptive frequency distributions of demographic and clinical characteristics of 210 ICU patients were calculated and tested as quantitative variables using simple logistic regression with binary outcomes. To adjust for potential confounding effects by gender, age and clinical characteristics, multiple logistic regression analysis was performed regarding the strength and direction of associations between pressure ulcers and clinical characteristics (backward method) and were presented using adjusted odds ratio (AOR), corresponding 95% confidence intervals (CI). All reported p-values were two-tailed, and a p-value\<0.05 was considered statistically significant. Data were analyzed using the SPSS *(version 19.0, Inc., Chicago, IL, USA)*.

**Ethics**

The study was conducted as a part of the clinical development of nursing interventions in intensive care, and therefore meets the written ethical approval by the Scientific Council of Nursing Department--Technological Institute of Thessaly.

3. RESULTS {#sec1-3}
==========

**Demographic characteristics**

Demographic and clinical characteristics are presented in [Table 1](#T1){ref-type="table"}. The mean age and the length stay of the study subjects was 58.9 ± 18.8 and 12.0 ± 17.6, respectively. The prevalence of pressure ulcers was 24.3%, representing 2524 days of hospitalization were allocated (patient-days). The incidence rate (IR) of pressure ulcers was 2 cases per 100 patient-days IR=0.02; (95% CI: 0.015-0.026) \[data not shown\]. Also, the mean value of Ht and Albumin was 30.9 ± 6.3 and 2.9 ± 0.5, respectively. These findings were observed despite the fact that 10.5% of the subjects had already undergone hemodialysis treatment.

###### 

Demographic and clinical characteristics of the 210 patients
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**Prevalence differences between patients with and without pressure ulcers**

Prevalence of pressure ulcers did not differ between males and females (21.5% vs. 30.3%, p=0.170), while the mean age was also greater for patients with pressure ulcers (63.4 ± 17.5 vs. 57.5 ± 19.0, p=0.050) compared to patients without pressure ulcers ([Table 2](#T2){ref-type="table"}).
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Differences between patients with and without pressure ulcers (PU) according to clinical characteristics
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Bivariate logistic regression revealed that pressure ulcers were significantly presented more often in patients with greater length stay OR=1.17; (CI: 1.12-1.22) and, patients that underwent hemodialysis treatment OR=9.05; (CI: 3.44-23.82). However, patients with pressure ulcers were significantly presented with lower values of hematocrit OR=0.89; (CI: 0.84-0.94) and albumin OR=0.52; (CI: 0.28-0.97), compared to patients without pressure ulcers. Also, we found that patients with pressure ulcers were significantly more likely to present lower mean Gubbin and Jackson scale score (OR=0.76, p=0.000) compared to patients without pressure ulcers, suggesting that these patients were at high-risk for pressure ulcers development ([Table 2](#T2){ref-type="table"}).

**Risk assessment for pressure ulcers development**

Multiple logistic regression was also revealed that these prevalence differences were significant even after adjusting (AOR) for patient's clinical characteristics ([Table 3](#T3){ref-type="table"}). Practically, the risk of pressure ulcers development was increased by 4% for every single year of age growing AOR=1.04; (CI: 1.01-1.07). This risk was also increased for every single day of extended hospitalization by 17% AOR=1.17; (CI: 1.11-1.23). We also found that patients whose underwent hemodialysis treatment had a greater likelihood of developing pressure ulcers AOR=4.09; (CI: 1.12-14.98) compared to patients that did not underwent. These findings were observed while the risk of pressure ulcers development was decreased by 9% for every single unit of hematocrit value increase AOR=0.91; (CI: 0.82-0.99).
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Associations among clinical characteristics regarding pressure ulcers development
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4. DISCUSSION {#sec1-4}
=============

We assessed the prevalence of pressure ulcers and explored its association with the specific clinical characteristics among ICU patients. Our data analysis revealed that the prevalence of pressure ulcers was 24.3% and the incidence rate was 0.02 per patient-day. Importantly, 67% of the pressure ulcers frequency could be explained by age, length of ICU stay, hemodialysis, and hematocrit as predicting factors according to our analysis, suggesting that pressure ulcers are more prevalent in older people and independently associated with these specific clinical characteristics. Our results are similar to figures reported worldwide. In particular, the prevalence of pressure ulcers in the United States as previous reported ranging 10% to 18% in acute care, 2.3% to 28% in long-term care, and 0% to 29% in home care, while the incidence rate ranges from 0.4% to 38% in acute care, 2.2% to 23.9% in long-term care, and 0% to 17% in home care ([@ref1], [@ref2]). Similarly, an overall prevalence among European countries (Belgium, Italy, Portugal, Sweden, and the United Kingdom) was found 18.1%, although there were frequency variations among countries ([@ref15]).

However, the main finding of the present study was that patients with long-lasting hospitalization were presented with a greater likelihood of developing pressure ulcers, suggesting that as length stay increases, as higher occurrence of pressure ulcers. In agreement with our finding, a recent study conducted in ICU in Saudi Arabia, showed that the length of stay and increased age were the most significant predictors of all stages of pressure ulcers development ([@ref16]). Also important, data analyses of 535 hospitalized patients in Swedish showed significant associations between increased age and presence of pressure ulcers ([@ref17]). Moreover, protracted bed rest of ICU patients declining patients' mobility and therefore increases the risk for pressure ulcers ([@ref18]).

We also found significant association between hemodialysis treatment and pressure ulcers prevalence, suggesting that patients that underwent hemodialysis were significantly more to present pressure ulcers. Possible explanations for this association could be that electrolyte balance disorder during hemodialysis as well as most ICU patients produce hemodynamic instability, which makes necessary the use of vasoconstriction drugs (inotropes) and thus, constitute a major risk factor for pressure ulcers development ([@ref19], [@ref20]). On the other hand, there are accumulating evidences suggesting that malnutrition has been associated with pressure ulcers development and their severity because of its negative impact on wound healing ([@ref21]). Accordingly, decreased serum albumin levels have recently documented in seven out of eleven studies in accordance with the findings of systematic review ([@ref22]). Also important, data of 34,238 hospital patients showed that patients with insufficient nutrition were 61% more likely to develop a pressure ulcer than those patients who did not have nutritional insufficiency. Evidently, correction of the serum albumin levels constitutes a key factor in pressure ulcers prevention and treatment ([@ref23], [@ref24]).

As expected we found strong association between hematocrit value and pressure ulcers development that has been previously reported in various studies ([@ref25], [@ref26]). Particularly, hematocrit values of less than 24% and hemoglobin values of less than 8.5 g/dL lead to insufficient tissue oxygenation, increasing the risk for pressure ulcers ([@ref27]). Additionally, findings by study conducted in surgical ICU patients reported significant in hemoglobin value 48 hours prior to pressure ulcer development (OR=0.78) ([@ref28]).

Despite the useful findings, our results have certain limitations that could be addressed. First, interpretation of the results may be limited because data were from a single institution. Secondly, we did not consider variability in severity of illness and thus, there may have been undiagnosed medical conditions such as neurosis and or anxiety disorders that might act as confounders in prevalence of the pressure ulcers. Third, use of a single study site also diminishes the generalizability of the study findings. However, the prospective design gives strength to this study and the statistical analysis is adequate.

5. CONCLUSIONS {#sec1-5}
==============

In conclusion, specific clinical characteristics were studied are strongly and independently associated with increased likelihood of pressure ulcers developing, suggesting that this is a crucial incentive to consider these specific clinical characteristics as an important indicators in the evidence-based practice. The present study adds to an emerging pool of information regarding two newly developing areas of research, i.e. the epidemiology and clinical importance of pressure ulcers.
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